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ABSTRACT 

Context. Optical nova lightcurves often have structures, such as rapid declines and recoveries, due to nebular or dusty phases of the 

ejecta. Nova Cygni 2006 (V2362 Cyg) underwent an unusual brightening after an early rapid decline. The shape of the lightcurve can 

be compared to that of V 1493 Aql, but the whole event in that case was not as bright and only lasted a couple of weeks. V2362 Cyg 

had a moderately fast decline of = 9.0 ± 0.5 days before rebrightening, which lasted 250 days after maximum. 

Aims. We present an analysis of our own spectroscopic investigations in combination with American Association of Variable Star 

Observers (AAVSO) photometric data covering the whole rebrightening phase until the return to the final decline. 

Methods. We used the medium resolution spectroscopy obtained in ten nights over a period of 79 nights to investigate the change 

of the velocity structure of the ejecta. The publicly available AAVSO photometry was used to analyze the overall properties and the 

energy of the brightening. 

Results. Although the behavior of the main outburst (velocity, outburst magnitude, and decline timescales) resembles a "normal" 
classical nova, the shell clearly underwent a second fast mass ejecting phase, causing the unusual properties. The integrated flux 
during this event contributes «40% to the total radiation energy of the outburst. The evolution of the H„ profile during the bump event 
is obtained by subtracting the emission of the detached shells of the main eruption by a simple optically thin model. A distance of 
D a: 7.5^2 5 ^pc and an interstellar extinction E(B - V) = 0?6 ± 0?l was also derived. 
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' 1. Introduction 

NOVA Cygni 2006 (V2362 Cyg) wa s discovered A pril 2, 2006 
by H. Nishimura as a l(F5 object jNakano et al. I |2006,). The 
I early spectra, obtained * 0?6 prior to the maximum in V, 
• showed a rather flat continuum, on which the H„ line shows a 
clear P-Cyg profile. The FWHM of the emission was 500 km 
, s~' and the abso rption minimum was 700 km s ' blueshifted 
■ dYamaoka et al. 1 12006,) . Within a day (w -0?2), the profiles 
' showed two absor ption features at -880 and -1 730 km s ' 
, dCzart et aTl 12006*). B ased o n spe ctra obtained on April 13, 
' 2006 (a; 6^7), Siviero etaTI (l2006h classified the nova as 'Fe- 
' IF and found a very broad and structured profile with FWZI of 
3 750 km s ' and FWHM of 1 800 km s ' from the Balmer emis- 
sion lines. 

With the exact position found by lYamaokal (l2006l) . 
ISteeghs et al. I (l2006l) identified the progenitor as an emission 
line star in the IPHAS Hq, survey. With progenitor magnitudes 
of r' = 20^3 ± 0?05 and /' = 19^76 + U^Ol the outburst ampli- 
tude was about 12 magnitudes. 

In Jul y 2006 lOO*^) th e first unusual behavior was re- 
ported bv iMazuk at al. I (l2006l) . The nova, after having akeady 
declined by 4™, still showed only low excitation lines. The target 
brightened ('Muna ri et alTI l2006al) from August 2006 130'') 
until beginning of December 2006 (~ 240'') . Goranskii et al. I 
(1200 6) found an optical period of O?2070 and an increase of the 
emission line width during this phase. They also pointed out 
similarities to the lightcurve of V1493 Aql (Nova Aql 1999a). 
The second maximum in V1493 Aql had a shorter duration of 
2 weeks and a smaller amplitude of only x0^75. The duration 
in V2362 Cyg was 6 months with an amplitude of 2™1. At the 
beginning of December 2006 the brightness dropped by 2™5 



over a period of two weeks to a value expected from the ex- 
trapolation of the early dec ay. The spectra also changed rapidly 
(iKimeswenger et aLll2006l) a nd reached a typical n ebular phase 
at the end of December 2006 jMunari et al.ll2006dl) . The forma- 
tion of very hot dust, Td ~ 1 410 K, began before Decem ber 
12, 2006 (~ 250'') dLvnch et al. I '2006; R avner et al. Il2006h . In 
May 2007 396''). Lynch et al. . (2007) reported continuing 
dust emission but at a lower temperature, < 520 K. 

iNess et alTI (l2006h also detected the source in X-rays on 
October 14, 2006 (» 191''), and reported that the spectrum is 
harder than exp ected from sup e rsoft X -ray binaries. On May 5, 
2007 (« 394''), iHernanz et al] ( l2007h reported that the XMM- 
Newton spectra were poorly fitted with a single component ab- 
sorbed model. They fitted a two-temperature thermal plasma 
model with a low and a high temperature of 0.2 keV and 2.3 keV, 
respectively. 

Here we report the results of a spectral monitoring through- 
out the main brightening phase and further on until the target 
reached its final decline. 



2. Data 

We obtained the spectroscopic data in ten nights in the period 
from early October 2006 until the end of December 2006 at the 
60 cm telescope of the University of Innsbruck. We used the IOC 
slit spectrograph with a 50 yum slit and the 240 1/mm grating was 
used. The sampling at the Kodak 0400 CCD was 0.26 nm/pixel 
and the resolution, measured as FWHM of the night sky lines, 
was 0.6 nm. The combined frames typically covered 400-900nm 
each night. The observational log is given in Tab. [1] For a more 
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detaile d description of the instrument see iKimeswenger et alTI 
( l2003h and references therein. 



Table 1. Observing log of spectroscopy and wavelength range 
covered. 



date wavelength observers 

range [nm] 



day*) 



10* 


Oct. 


400.9-573.5 


KS 


187 






591.4-791.6 






16* 


Oct. 


400.0-900.0 


SD, JS, SU, KS 


193 


17* 


Oct. 


400.0-900.0 


KS 


194 


15* 


Nov. 


400.0-893.5 


SD, AK, JS, SU, SW, KS 


223 


20* 


Nov. 


400.0-736.7 


KS 


228 


•Jth 


Dec. 


400.0-900.0 


KS 


245 


13* 


Dec. 


400.0-900.0 


SD, AK, JS, SU, SW, KS 


251 


14* 


Dec. 


400.0-900.0 


SD, SU 


252 


23* 


Dec. 


537.5-740.0 


KS 


261 


27* 


Dec. 


400.0-740.0 


KS 


265 



•) days since maximum in AAVSO data April 06, 2006 09:33 UT (JD 2453831.8983) 

SD = Silvia Dalnodar, AK = Andreas Knapp, JS = Josef Schafer, 

SU — Stefanie Unterguggenberger, SW = Sarah Weiss, KS - Stefan Kimeswenger 



We obtained the flux calibration using Vega (HR 7001), HR 
8252 and HR 8079. The calibration was verified by folding the 
resulting spectra with standard V and Iq filter curves. The zero 
points were 24"23 and 23™12 in V and /c, respectively. The rms 
of the photometric nights was O?'056. The nights of November 
20, 2006 December 7 and 27, 2006 were not photometric. We 
corrected the spectra to fit to the published photometries for 
those three nonphotometric nights. The resulting zero points are 
consistent with the observational average. 

The p hotometric dat a was obtained from the AAVSO 
data base (iHenden 1 120071) and various circulars (Munari et al 
2006a,b,c,d; Goranskij et al. 2006). We used only CCD-based 
photometry with filters for the lightcurves shown in Fig.[T] The 
first values with CCDs and a V band filter were reported April 
5, 2006 6:56 UT (JD 2453830.7891). The maximum value of 
7^8 was reached April 6, 9:33 UT (JD 2453831.8983). We used 
this value as a "reference zero point" for all calculations. The 
decline derived from there was t2 = 9?0+O!5 and tj = 21'?0±O?5. 
Clear glass plate and visual observations were omitted due to the 
high scatter The decline for the first 60 days closely resembles 
a power law. In addition, this fit to the early data points gives an 
amazingly perfect extrapolation for the time after day 260. The 
V - Ic color evolution shows that the temperature of the quasi- 
photosphere varied only between 4 250 and 4 900 K during the 
bump period, consistent with our spectra. At maximum, the tem- 
perature was * 8 100 K jCzart et al. ..2006) . 

3. Absolute Magnitude, Reddening and Distance 

Nova distances can be derived from a comparison between 
their intrinsic and observed luminosity and therefore require 
that they are corrected for the e ffect of interstellar extinction. 
I Van den Bergh & Younger I ( 11987 ) found that after correction for 
reddening, the intrinsic color of novae two magnitudes below 
maximum, i.e. at time f2, is fairly constant {B - V)q = -U^Ol, 
with a typical individual error (rms) of 0^12. Although the cov- 
erage of B values is sparse in our case, assuming a smooth behav- 
ior of B like that in V and t2 = 9+0?5 we have been able to derive 
(B - V)@t2 = O'J'58 + 0'."03 (see Fig. [B and thus £(B - V) = 
0'."6 + 0."!. Our value is in agreement wit h E(B - V) = 0?'5 6 
from the interstellar Na I absorption lines jSiviero et al. II2006I) . 
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Fig. 1. The photometric data of V2362 Cyg from April 2006 to 
March 2007. The fit of a power law decline to the data obtained 
the first 60 days is extrapolated to show the extension for the 
time after day 260 (dotted line). The dates of our spectral obser- 
vations and of t2 and fa used for the calculations in this paper are 
indicated. 



0^59 obtained from infrared observations (Russel et al. "20061), 
0^6 from fluorescently excited O I lines (Mazuk at al. 200g), 
and 0^65 + 0.05 obtained using the prog enitors colors and as - 
suming a thick accretion disk spectrum ( Steeghs et al. Il2006h . 
Thus, an E(B - V) of 0?>6 + 0^ 1 {Ay = ^9 + 0^3) is assumed 
throughout the paper 

Several methods for distance determinations of novae are 
suggested in the literature. The empirical relation between 
absolute magnitude at m aximum and the rate of decline 
(iDellaValle & Livio |[T995l) leads to My « -8™78 + O'J'60 (using 
the conservative 3 cr boundary of the relation). With a corrected 
peak of yo(MAX) = 5™93, we de rive a distance of 8.8^^ kpc. 
The st andard candle method by iBuscombe & de Vaucouleurs] 
(119551) in the I Warner I (|2003|) cahbration My = -5?U fifteen 
days after visual maximum yields (corrected Vi^d = 8?55) a 
distance of 6.4^2 5 kpc. Finally, assumin g a luminosity above 
Eddington at maximum as described in Bonifacio et al 1 (120001) 
we obtained 7.2^3 kpc. 

We use a nonweighted mean of D w 7.5 ^ kpc. 



4. The Spectra 

Four types of spectra can be seen (Fig.|2]l. The spectra of October 
2006 are dominated by the lines that have been visible through- 
out the whole normal decline starting in April 2006. The line s 
show the narrow structure, as reported by Sivier o et al. I ( l2006l) . 
Only Ha starts to form a red shoulder of high-velocity mate- 
rial. The spectra taken on October 16 and 17, 2006 showed no 
differences and thus were averaged to improve S/N for the fur- 
ther analysis. The spectra from November 2006 and December 
7, 2006 are dominated by massive emissions of atoms at low ex- 
citation states. All show the wide red extension of the emission 
discussed in more detail for the hydrogen lines below. Most of 



S. Kimeswenger et al.: The unusual Nova Cygni 2006 (V2362 Cyg) 



3 




500 



600 700 
wavelength [nm] 



800 



Fig. 2. The flux calibrated spectra: a) October 10 and 16/17, 
2006 - start of the rebrightening; The spectra are nearly com- 
pletely overlapping, b) November 15/20 and December 7, 2006 
- at 2"*^ maximum; c) December 13/14, 2006 - transition phase; 
d) December 23 and 27, 2006 - nebular phase; only fades 
while the prominent forbidden lines are constant. 



the prominent lines show a fast blue P-Cygni absorption compo- 
nent at > 2 300 km s ' . The data taken on November 15 and 20, 
2006 again have been combined into an average spectrum. By 
mid-December 2006, a transition spectrum emerged. Most of the 
nonforbidden lines have faded and the width of the Balmer lines 
had decreased to their values before October 2006. Forbidden 
lines started to grow and finally dominated (except for H„) the 
nebular spectra taken at the end of December All spectra may 
be obtained electronically from the authors. 



5. The Evolution of the Ha line 

Due to the lower S/N in the other lines, we focus exclusively on 
the remarkable line evolution using the strongest line, Hq. (Fig. 
[3j. To gain insight into the nature of the bump event we fit the 
narrow emission using a simple optically-thin shell model aris- 
ing from the main eruption. The bump event itself, far from being 
near the optic ally- thin regime, cannot be modeled without com- 
prehensive radiative transfer calculations. Assuming an instru- 
ment resolution folding of 0.6 nm, the narrow emission profile 
perfectly fits that of two inde pendent optically thin expanding 
shells modeled after iLamers & C assinelli (199 9|) at the veloci - 
ties reported bv lSiviero et al. I (12006,) and Muna ri et al. I ( l2006bl) . 
The thickness of the shells are assumed to be negligible com- 
pared to their radii at this time. An integration along line of sight 
results in a normalized line profile /(v; A) of a single shell is as 
function of the velocity v. The line profile for the detached shells 
expelled in April 2006 is 



g(vuV2,ao, r,c; A) ^ ao X (f(vi; A) + r x f(vi;A)) + c 

where v'l and V2 are the expansion velocities of the shells, c the 
level of the continuum, ao and r are the fitting parameters for 
the total intensity and for the intensity ratio. This function was 
fitted to the data points y, between /Imin = ^^o - 10.5 nm and 
■^MAx - M) + 10.5 nm. The velocities we re fixed to those derive d 
from the spectra of main eruption by iMunari et al. ] (I2006bh : 
(1805 and 825 km s ' respectively) to reduce the number of free 
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Fig. 3. The H„ line illustrates the evolution of the different struc- 
tures. The total emission (thick line), the fitted emission of the 
main outburst (dashed line) and the residual = component ap- 
pearing only during the bump (thin line). 

parameters. With the boundary condition that there has to be no 
absorption redshifted from the maximum, 



V/l > /lo = 656.3nm 



and the continuum level c derived outside the wavelength range 
we used for th e fit minimum of the logarithmic Hkehhood 
(lEdwardslll992h . 



"MAA 

/(«(), r) = - ^ yi In 



g(ao, r, c; Aj) 
Z g(ao, r, c; i,) 



for the spectrum of October 10, 2006. The intensity ratio, r, was 
0.78 on this date. As the main outburst ejecta were optically thin 
by this time, the shape and intensity ratio can be assumed to 
be constant for the other epochs. This assumption also avoids 
numerical instabilities from large numbers of free parameters. 
Note that the phenomenological model cannot provide absolute 
values for radii, densities, and physical conditions in these shells. 
The absolute minimum of the statistical likelihood is outside the 
physically-founded boundary; thus, a "goodness of fit" (e.g. by 
/(fl(), r) < Imin + 0.5 x n^, where n gives the number of cTrms 
requested) cannot be derived. 

The decline of the fitted component was remarkably smooth 
and homogenous, 1-2 % per day (Fig. |4]i, as is expected for 
completely detached shells. Fitting the remaining structure after 
subtracting the narrow emission model provides details on the 
bump emission. The newly formed shell had a velocity of about 
2600 km s"' and appeared eai'ly in October 2006 (~ 180''). Its 
emissivity peaked at the maximum of the brightening. 

6. Discussion 

The derived ratio of 12/ and the decline rate of the first 60 days 
and 4™0 in brightness fit perfectly the normal decline described 
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Fig. 4. The flux evolution of the total H„ line flux (open circles), 
the fitted emission of the main outburst (asterisk) and the resid- 
ual emission of the fast ejecta during the second maximum (filed 
diamonds). 

in lHachisu & Katol (l2006i |2007|) . In addition, this ratio also re- 
sembles the prediction f rom a linear fit through the novae with 
t2 < 2(fi0 in Tab. 5.2 of lWarnerl (|2003|) . T he correlation of the 
nova speed w ith the expansion velocities (iMcLaughlin 1 1 1 960t 
IWarnerll2003 l) also resembles that of a normal system. Thus, it 
seem s reasonable to use the samples in Hachisu & Kato (2006, 
l2007h to estimate the white dwarf mass Mwp - 1.2+0. IMq with 
f3. Using the curves of lHachisu & Kato I (120011) leads to an even 
higher estimated mass. Although the samples mentioned above 
have a very large scatter of individual objects, they also give es- 
timates for such mass for the accretor On the other hand, even 
if the early decline looks very much like that of a normal object, 
one has to be dubious whether one is allowed to use such models 
for a nova with such a massive secondary maximum. Thus, the 
results here have to be estim ates. For the proposed orbital period 
of O?2070 (iGoranskii et al. II2OO 6) and the mass of the accreting 
white dwarf of Mwd ~ 1.2 Mq the secondary has to be a late 
type MsE < 0.75 Mp K to M star 

We used lCoxl(l2000h to derive a temperature T from stellar 
colors and the evolution of the luminosity L from the lightcurve 
and the bolometric corrections. During the bump the temperature 
increased slightly from 4 250 to 4 900 K and decreased again at 
maximum to 4 250 K (see {V - Iq) i n Fig. [Jll. Th e temperature 
derived from the early spectra (Czart et aini2006|) was used as 
the temperature at maximum. Thereafter the evolution of the ra- 
dius of the "quasi" photosphere derived hy R oc T^^ L"^ was 
obtained. The shrinking of the photosphere stopped at day 60 
and stayed constant at 15 % of the radius of maximum until day 
170. In case of a homologous expansion this is only possible 
with a significant increase of density. The fast ejecta reached the 
photosphere around day 170. With a speed of 2 200 km s ' - de- 
rived from our spect ra and consistent with the value measured in 
November 2006 by Munari et al. I (l2006bl) - and the estimated 
radius above, this bump material was accelerated about 45 to 60 
days after maximum, assuming a negligibly small radius of the 
accelerating region. Subtracting the extrapolated power law de- 
cline and assuming that the bolometric correction derived by the 
color is constant at x (J?12 to 0'"2, leads to an estimate of the 
radiative energy in the event. About 40% of the total radiated 
energy of the object during the whole outburst is contained in 
the bump. The high velocity of the fast ejecta during this epoch 
also significantly increased the mechanical energy. Hence we 
presume that the bump event contained a significant fraction of 
the total outburst energy of the system. 

The onset of massive dust formation, marked by the rapid 
decline, t he fast rise of the color (see Fig.[Tl), and the IR excess 
(iRayner et al. 2006) around day 250 occurred most likely in the 
inner region only. Thus, the spectral components of the outer 
optically-thin regions continued with a smooth decline, while 



the fast component was obscured within a few days (see Fig.|4]l. 
The forbidden [OI] lines, which showed only the narrow com- 
ponent throughout the whole event, were generated in the outer 
region only. Altho ugh the obscured in ner region, even seen later 
in the IR excess jLvnch et al. I l2007h . cannot directly heat the 
outer shell, an effective energy transport changed the excitation 
state quickly - [OI] [Oil] [OIII] within 2 weeks. 

The distance of D ^ ^-^-a s '^P'' pl^'^^s V2362 Cyg at a 
galactocentric radius of about 11 kpc and a distance to the 
plane of about 310 pc. As the directio n marks the maximum 
of the Galactic warp above the plane jMomanv et al. I I2OO6I) . 
the real distance to the disk is about twice this value. This 
coincides with the spiral arm -hII beyond the Perseus arm 
jKimeswenger & Weinberger1ll989l) . 

Further investigations of the ejecta of this unusual object and 
collection of all the data of various observers from the early de- 
cline until now is required to build the basis for a more sophis- 
ticated theoretical modeling. We would like to encourage mod- 
eling groups and would like to enliven a scientific discussion 
about the nature of the second outburst of V2362 Cyg and its 
older twin V 1493 Aql. 

Acknowledgements. We thank the referee Greg Schwarz for the extensive 
discussion improving the original manuscript. We acknowledge the variable star 
observations from the AAVSO International Database contributed by observers 
worldwide and used in this research. 



References 

Bonifacio, P., Selvelli, P.L., & Caffau, E. 2000, A&A, 356, L53 
Buscombe, W, & de Vaucouleurs, G. 1955, Obs., 75, 170 

Cox, A.N. 2000, Allen's astrophysical quantities. New York: AIP Press; Springer 
Czart, K., Lewandowski, M., Maciejewski, G., Tomov, T., Mikolajewski, M., & 

Niedzielski, A. 2006, The Astronomer's Telegram, 792 
Delia Valle, M., & Livio, M. 1995, ApJ, 452, 704 

Edwards A.W.F. 1992, Likelihood, Baltimore: Johns Hopkins University Press 
Goranskij, P.V., Metlova, V.N., & Burenkov, N.A. 2006, The Astronomer's 

Telegram, 928 
Hachisu, I., & Kato, M. 2001, ApJ, 553, L161 
Hachisu, I., & Kato, M. 2006, ApJS, 167, 59 
Hachisu, I., & Kato, M. 2007, ApJ, 662, 552 

Henden, A. A. 2007, Observations from the AAVSO International Database, pri- 
vate communication 
Hemanz, M., Ferri, C, & Sala, G. 2007, The Astronomer's Telegram, 1226 
Kimeswenger, S., Bacher, A., Emprechtinger, M., et al. 2003, A&A, 409, 953 
Kimeswenger, S., Dalnodar, S., Knapp, A., Schafer, J., Unterguggenberger, S., 

& Weiss, S. 2006, The Astronomer's Telegram, 963 
Kimeswenger, S., & Weinberger, R. 1989, A&A, 209, 51 

Lamers, H.J.G.L.M., & Cassinelli, J.P. 1999, Introduction to Stellar Winds, 

Cambridge, UK: Cambridge University Press 
Lynch, D.K., Rudy R.W. Russell, R.W., et al. 2007, lAUC, 8849, 2 
Lynch, D.K., Russell, R.W., Kim, D., Sitko, M.L., & Braflford, S. 2006, lAUC, 

8785, 2 

Mazuk, S., Rudy R.J., Lynch, D.K., Venturini, C.C., Puetter, R.C., & Perry, R.B. 

2006, lAUC, 8731,2 
McLaughlin, D.B. 1960, in Stellar Athmospheres, ed. J.L. Greenstein, Chicago 

University Press, p. 585 
Momany, Y., Zaggia, S., Gilmore, G., Piotto, G., Carraro, G., Bedin, L.R., & de 

Angeh, R 2006, A&A, 451, 515 
Munari, U., Siviero, A., Valentini, M., Cherini, G., Dallaporta, S., Dalla Via, G., 

& Tomaselli, S. 2006a, CBET, 671, 1 
Munari, U., Siviero, A., Navasardyan, H., et al. 2006b, CBET, 739, 1 
Munari, U., Valentini, M., Siviero, A., et al. 2006d, CBET, 775 
Nakano, S., Nishimura, H., Miles, R., & Yamaoka, H. 2006, lAUC, 8697, 1 
Ness, J.-U., Stan-field, S., Schwarz, G., Osborne, J., Page, K.L., & Krautter, J. 

2006, CBET, 696 

Rayner, J., Rudy R.J., Lynch, D.K., Russell, R.W., Venturini, C.C., & 

Woodward, C.E. 2006, lAUC, 8788, I 
Russell, R.W., Rudy R.J., & Lynch, D.K. 2006, lAUC, 8710, 2 
Siviero, A., Munari, U., Valentini, M., & Valisa, P 2006, lAUC, 8702, 2 
Steeghs, D., Greimel, R., Drew, J., Irwin, M., Gaensicke, B., Groot, P., & Knigge, 

C. 2006, The Astronomer's Telegram, 795 



S. Kimeswenger et al.: The unusual Nova Cygni 2006 (V2362 Cyg) 



5 



van den Bergh, S., & Younger, P. F. 1987, A&AS, 70, 125 

Warner, B. 2003, Cataclysmic Variable Stars, Cambridge, UK: Cambridge 

University Press 
Yamaoka, H. 2006, lAUC, 8702, 3 

Yamaoka, H., BCinugasa, K., Naito, H., Ozaki, S., & Fujii, M. 2006, lAUC, 
8698, 1 



List of Objects 

'V2362 Cyg' on pageQ] 



